Although in the majority of the patients with Cushing's syndrome (CS), hypercortisolism is due to ACTH hypersecretion by a pituitary tumour or to ectopic ACTH secretion from an extrapituitary neoplastic lesion or to autonomous cortisol secretion by an adrenal tumour, in occasional patients a much rarer entity may be the cause of the syndrome. Herein, we attempted to summarise and categorise these unusual causes according to their presumed aetiology. To this end, we performed a comprehensive computer-based search for unusual or rare causes of CS. The following unusual forms of CS were identified: (i) ACTH hyperesecretion due to ectopic corticotroph adenomas in the parasellar region or the neurohypophysis, or as part of double adenomas, or gangliocytomas; (ii) ACTH hypersecretion due to ectopic CRH or CRH-like peptide secretion by various neoplasms; (iii) ACTH-independent cortisol hypersecretion from ectopic or bilateral adrenal adenomas; (iv) glucocorticoid hypersensitivity; (v) iatrogenic, due to megestrol administration or to ritonavir and fluticasone co-administration. Such unusual presentations of CS illustrate why Cushing's syndrome represents one of the most puzzling endocrine syndromes. 
NDOGENOUS CUSHING'S SYNDROME (CS) is a rare syndrome with an estimated annual incidence of 0.1 to 1.0 new cases per 100,000. The ACTH-dependent variety of the syndrome is either due to ACTH hypersecretion from pituitary corticotroph adenomas (Cushing's disease) and represents the vast majority of cases (70%) or to ectopic ACTH secretion from various tumour types. The ACTH-independent forms of Cushing's syndrome include adrenal adenomas, carcinomas, and two rare forms of bilateral adrenal pathology, namely ACTH-independent macronodular adrenal hyperplasia (AIMAH) and primary pigmented (micro)nodular adrenal disease (PPNAD). Although the above aetiologies are those usually mentioned in endocrinology textbooks as well as in publications dealing with the differential diagnosis of Cushing's syndrome, some unusual causes described either as individual cases or in small cohorts of patients are usually overlooked. Herein, we attempt to summarise and categorise these cases according to their presumed aetiology. We performed a comprehensive computerbased search for unusual or rare causes of Cushing's syndrome and a search of references in the identified reports. We have excluded unusual but well characterised causes, such as AIMAH, PPNAD, and the ectopic ACTH syndrome, since these forms will be described in detail in respective articles of this volume. We have grouped these reports according to their presumed aetiology although in some cases the underlying mechanism was only speculative.
UNUSUAL CAUSES OF ACTH-DEPENDENT
CUSHING'S SYNDROME (table 1) Ectopic corticotroph adenomas By definition, ectopic adenomas are histologically confirmed corticotroph adenomas located outside the sella turcica and not in direct connection with the intrasellar pituitary tissue. Pituitary gland is normal or, in some cases, an empty sella is found. Ectopic corticotroph adenomas represent a rare finding and most of them are located in the sphenoid sinus and the suprasellar region but also in the cavernous sinus and the parasellar region. So far only 31 cases of ACTH-producing ectopic pituitary adenomas have been reported (1). However, their true incidence may be higher than reflected by the scarce case reports. It has been suggested that at least some of the patients with presumed Cushing's disease in whom hypercortisolism persisted even after total hypophysectomy may indeed had harboured extrapituitary parasellar adenomas that remained undiagnosed because remission was achieved by parasellar irradiation (2,3), bilateral adrenalectomy (4), or the adenoma was removed accidentally (5) . Interestingly, five cases have been reported in which an extrapituitary parasellar corticotroph adenoma progressed to Nelson's syndrome after bilateral adrenalectomy (5).
As to their origin it has been suggested that ectopic corticotroph adenomas develop from pituitary cells deposited along the route of the embryogenic development of the anterior pituitary, namely the Rathke's pouch (5) . The finding in several cases of an empty sella supports this theory since the absence of a completely developed pituitary gland may indicate an incomplete migration of Rathke's pouch and adenohypophyseal development. Indeed an empty sella was present in five of the reported cases suggesting that the possibility of an extrapituitary parasellar tumour is higher when an empty sella is found with Cushing's disease.
Adenomas in the neurohypophysis
Corticotroph adenomas located in the posterior pituitary lobe (neurohypophysis), instead of the adenohypophysis, is also an unusual finding (6,7). Weil et al. recently reported 12 patients with tumours located completely within the neurohypophysis, identified among 730 patients undergoing surgery for Cushing's disease (8) . The clinical and biochemical characteristics of these patients were identical to those of ordinary pituitary corticotroph adenomas. However, the sensitivity of MRI scans in detecting these adenomas was extremely low. In general, corticotroph adenomas are small non-enhancing lesions with signal intensity on MRI similar to that of the anterior lobe (9) . Since the normal anterior pituitary enhances after the intravenous administration of gadolinium-containing contrast media they are depicted as dark areas. This is not
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Vassiliadi & Tsagarakis (14) , and both a sommatotroph adenoma and a prolactinoma in two patients (12, 14) . The pathogenesis of double adenomas is unknown but several mechanisms could be considered, including the incidental occurrence of two monoclonal expansions of transformed anterior pituitary cells (multicentric origin). An alternative mechanism is the occurrence of an additional clonal proliferation within an adenoma that was originally of one cell type; in time a new adenoma, as a result of its expansion, may become separate from the old adenoma. The first mechanism is more likely to be the cause of double adenomas composed of ACTH and PRL cells since they originate from two different main pathways of adenohypophyseal cytodifferentiation.
Non-adenohypophyseal pituitary tumours
Gangliocytomas of the pituitary are a very uncommon cause of pituitary neoplasms with a total of 56 cases reported in the literature. Interestingly, about 65% are composite lesions with both a gangliocytic and an adenohypophyseal component. In about 75% of the cases the adenohypophyseal component is functioning, most commonly producing GH (15) . In the vast majority of cases, the hypothalamic releasing hormone of the corresponding hormonal hypersecretion syndrome was immunohistochemically demonstrated in the gangliocytoma portion. There have been only a few cases of Cushing's disease associated with such tumours (16) (17) (18) (19) (20) . In a few cases the gangliocytic component was found to be the only pathology. Geddes et al. (15) reported a patient who was cured by surgical removal of a pure gangliocytoma, suggesting that this lesion was the cause. However, no adenoma or anterior pituitary tissue was found in the resected material. Moreover, they were unable to demonstrate either CRH or AVP mRNA in the tumour and they suggested the hypothesis of paracrine corticotroph stimulation by the lesion.
Ectopic CRH syndrome
Pituitary hyperfunctioning syndromes caused by hypersecretion of the corresponding hypothalamic hypophysiotropic hormone are extremely rare. Accordingly, the number of well characterized cases of CRH-dependent Cushing's syndrome is distinctively small and comprises of two main groups of patients; those in which concomitant ACTH hypersecretion was documented and who constitute about two thirds of the patients and those in which only an "isolated" CRH production was found. Wajchenberg et al. reviewed 19 cases of ectopic CRH syndrome (21), and only six had "isolated" CRH production, as opposed to the 13 patients in whom immunostaining was positive for both CRH and ACTH. Five additional patients with "isolated" CRH production were subsequently reported (22) (23) (24) (25) (26) . The most frequently encountered tumours were: metastatic medullary thyroid carcinoma (5 cases, one in a woman with MEN IIB syndrome), metastatic prostatic carcinomas (2 cases), metastatic small cell lung carcinomas (2 cases), one metastatic intrasellar gangliocytoma and a pheochromocytoma. Baseline cortisol and ACTH levels in these patients were in the range usually found in patients with "occult" ectopic ACTH syndrome or Cushing's disease. Hormonal evaluation was not reported in detail in all the cases but non-suppression of cortisol levels during high-dose-dexamethasonesuppression testing was reported in all 7 patients who were tested. The levels of serum CRH were frankly elevated in all 4 patients in whom they were measured. The ectopic CRH syndrome as a cause of false-positive result during BIPSS has been underlined by Young et al. (27) , who reported a case of a patient with Cushing's syndrome due to ectopic ACTH-CRH secretion from a retropancreatic carcinoid tumour in whom the basal and the stimulated IPS/P ratios were 2.45 and
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Vassiliadi & Tsagarakis 4.1, respectively. In this patient also the responses to high-dose dexamethasone suppression and CRH test were consistent with Cushing's disease.
In summary, although CRH-dependent Cushing's syndrome is a distinctively rare syndrome it is important to consider it in the occasional patient with inconsistent results on hormonal tests. Measurement of plasma CRH level, which is now commercially albeit not widely available, is the best method for establishing the diagnosis.
Other peptides
Apart from CRH, other peptides may also act as ACTH-releasing factors and cause Cushing's syndrome. Peptides such as the urocortins are more potent than CRH in activating CRH-R2 receptors and bind with greater affinity to CRH-binding proteins. Theoretically oversecretion of these peptides by a tumour could lead to the development of Cushing's syndrome. Although no documented cases have been reported so far, Preeyasombat et al. (28) 
UNUSUAL CAUSES OF ACTH-INDEPENDENT CUSHING'S SYNDROME (table 2) Ectopic adrenal adenomas
The most common cause of ACTH-independent Cushing's syndrome is a hyperfunctioning adrenal tumour, usually a benign adenoma or, less commonly, an adrenal carcinoma. Although in such cases the diagnosis is straightforward with the detection of an adrenal mass in abdominal imaging, a few cases of Cushing's syndrome caused by ectopically located adrenal adenomas have been reported. They are thought to originate from tumoral transformation of ectopic adrenal tissue, known as adrenal rest tissue, which is adrenal tissue located outside the adrenals and is thought to represent adrenocortical embryonic remnants that broke off during development. Adrenal rest tissue is most commonly found in the vicinity of the adrenals but it can also be Cortisol hyperreactive syndrome located anywhere along the embryonic migration path of the adrenals and the gonads, given that both these structures share a common origin, the urogenital ridge. Thus adrenal rests have also been described within the retroperitoneum, broad ligament, ovaries, inguinal region, spermatic cord, kidney, retrocaval space, and testis. A non-ACTH-mediated development of a neoplasm in such tissues is uncommon and the clinical picture depends on the steroid producing profile of the tumour (Conn's syndrome, virilisation or Cushing's syndrome). So far only 9 cases of Cushing's syndrome caused by functional ectopic adrenal neoplasms have been reported (31) (32) (33) (34) (35) (36) (37) (38) . The ectopic locations involved the vicinity of normal adrenals, the liver, the pararenal region, and the ovary. In four patients the tumours were malignant (31-34). The pathophysiology of ectopic adrenocortical tumorigenesis most probably involves the same mechanisms resulting in eutopic adrenal neoplastic formation. From a clinical standpoint, ectopic adrenal adenomas should be considered in the differential diagnosis of ACTH-independent Cushing's syndrome when the imaging displays normal adrenals. Iodocholesterol scan may be extremely useful in uncovering these lesions.
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Bilateral adrenal adenomas
Bilateral adrenal pathology is encountered in about 10-15% of patients with ACTH-independent Cushing's syndrome and is due to either ACTH-independent macronodular adrenal hyperplasia (AIMAH) or primary pigmented nodular adrenal disease (PPNAD). Besides these two forms of adrenal Cushing's syndrome, a few cases of functioning bilateral adrenal adenomas have been reported. Less than 30 such cases, the vast majority of the patients being Japanese, can be found in the literature since 1977 and, in all cases, the adenomas were reported to be benign. Nomura et al. (39) reviewed 22 such cases concluding that the clinical and biochemical characteristics of the patients were those of solitary cortisol-producing adenomas. A female predominance was observed (91%) and also the size of the adenomas was a little smaller than that reported for solitary adenomas, with a mean size of 2.6 cm. Three additional cases were reported hitherto (40) (41) (42) ; in one patient the two adenomas developed at different periods 9 year apart (42) . The imaging characteristics of bilateral adenomas are quite different from those of PPNAD and AIMAH. In bilateral adenomas there is usually only one single nodule in each gland with surrounding atrophy of the adrenal cortex. However, in one case (43) multiple nodules in each adrenal gland were observed. Typically in AIMAH there is massive enlargement of the adrenals with multiple macronodules measuring up to 5 cm while in PPNAD the adrenal glands appear normal to slightly hyperplastic with micronodules not exceeding 5 mm. However, larger nodules up to 1-2 cm have been reported in older patients with PPNAD and in these cases the preoperative differential diagnosis from bilateral adenomas is difficult.
On histological examination in each adrenal there is a well-demarcated solitary adenoma which is accompanied by atrophy of the surrounding adrenal tissue. In PPNAD the internodular cortex may also display atrophy but the finding of small multiple pigmented nodules is quite characteristic. In AIMAH the surrounding cortex is usually difficult to identify and may appear hyperplastic although cases with normal or even atrophied tissue have been encountered. However, as has been shown by Nomura et al. (39) , the distinction between these pathologies may not always be clear-cut.
Although the definite differential diagnosis of bilateral adrenocortical adenomas from PPNAD and AIMAH is by histological examination, identifying them preoperatively is of great importance because it will affect the surgical approach. Bilateral adrenalectomy necessitating lifelong steroid replacement is the treatment of choice in PPNAD and AIMAH while in bilateral adenomas an effort to preserve the adrenocortical function could be made through bilateral partial adrenalectomy. It is important to document functionality of both adenomas before undergoing bilateral adrenalectomy, since there is also the possibility of the coexistence of a functional and a contralateral nonfunctioning adenoma, as has been reported in a few cases (43, 44) . In this case adrenal scintigraphy and/or adrenal vein sampling might be of value.
Cortisol hyperreactive syndrome
The terms "cortisol hyperreactive syndrome", "glucocorticoid hypersensitivity syndrome", and "normocortisolemic Cushing's syndrome" have been used to describe the development of a typical Cushing's phenotype despite normal or even low serum cortisol levels. Although there is a wide variation in glucocorticoid sensitivity amongst humans (45, 46) , clinically manifested Cushing's syndrome due to increased sensitivity of tissues to glucocorticoids is an extremely rare condition and its mechanism remains unclear. To date only 3 patients have been studied to this direction: two with spontaneous Cushing's syndrome and one with exogenous Cushing's syndrome. Iida et al. (47) reported the case of a 54-year-old male with Cushing's syndromelike manifestations but extremely low serum cortisol levels and low 24-hr excretion of 17-hydroxycorticosteroids and cortisol. In order to test the hypothesis that the cause was hypersensitivity of the peripheral tissues to cortisol, they studied the ex vivo effect of dexamethasone on the induction of aromatase activity and thymidine incorporation in cultured skin fibroblasts obtained from the patient. The aromatase activity, which represents a receptor-mediated effect, was increased 1.5-to 1.8-fold above that of normal cells, and [3H]thymidine incorporation was inhibited more effectively (48) . Additionally the ex vivo effect of dexamethasone to induce the expression of metallothionein-IIa was studied. The promoter region of this gene which encodes a small metal binding protein contains both a metal regulatory element and a glucocorticoid regulatory element, thus it is a useful gene for studying transcriptional regulation by glucocorticoids. By demonstrating dexamethasone induced increases in the rate of metallothionein-IIa mRNA accumulations in the patient's cells that were greater than those of normal cells, they placed the hypersensitivity at the transcriptional level but the mechanism was not further elucidated (49) .
Newfield et al. (50) described another unusual case of a girl who presented at the age of 10 years with most of the classical signs of Cushing's syndrome, such as moon facies, buffalo hump and violaceous striae and also marked osteoporosis with fractures and hyperinsulinemia. She remarkably didn't have easy bruising or stunting of statural growth, which represent two cardinal signs of Cushing's syndrome in childhood. Although her clinical picture was that of Cushing's syndrome, hormonal evaluation revealed normocortisolemia with normal serum cortisol and ACTH levels, normal 24hr urine free cortisol, suppression of cortisol during low-dose dexamethasone testing and appropriate response to metyrapone test. The circadian rhythm of cortisol was normal in two occasions and abnormal in another two and the response to ovine CRH was blunted. The administration of the glucocorticoid receptor antagonist RU486 resulted in resolution of her symptoms with a prompt recurrence on withdrawal. At the age of 15.5 she discontinued the treatment due to the development of endometrial hyperplasia
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Vassiliadi & Tsagarakis and during the following 2 years the Cushingoid signs gradually disappeared despite an initial rise in GR that persisted for 2 months. The aetiology of the Cushing's syndrome in this case remains a puzzle. Her condition was thought to occur due to differential glucocorticoid sensitivity, rather than generalised, since the nonsuppressed cortisol levels pointed to a normal sensitivity at the hypothalamic-pituitary level but the clinical manifestations to an enhanced sensitivity of the peripheral tissues to glucocorticoids. Ex vivo studies revealed markedly elevated GR sites per cell in peripheral lymphocytes. However, further evaluation demonstrating normal affinity of the GR for dexamethasone, normal primary GR amino acid sequencing and appropriate promoter usage, as well as the transient nature of the Cushingoid features cannot be explained by a genetic defect at the receptor level. A plausible explanation given by the authors is that this case could represent a maturational disorder attributed to a post-receptor defect, possibly due to a mild abnormality in one of the transcription factors, which became evident during a period of deviant fluxes in sex steroids, such as puberty.
In a recent study by Russcher et al. (51), a 13-year-old girl was considered to have increased glucocorticoid sensitivity on the grounds of developing Cushingoid phenotype and suppression of the endogenous cortisol production on a low dose of inhaled steroids (budesonide 200 µg/day). After stopping the steroid medication her symptoms resolved. Ex vivo analysis showed increased GR number and slightly (but not significantly compared to controls) increasing cellular sensitivity as assessed by measuring responses of endogenous glucocorticoid sensitive genes (leukinezipper and IL-2) and the inhibition of mitogen stimulated proliferation. Defects on the cofactors inducing GR expression or alterations in the promoter region of the GR were speculated as possible causes but the mechanism was not further investigated.
CUSHING'S SYNDROME CAUSED BY MEDICATIONS (table 3)
Although exogenous hypercortisolism is the commonest form of Cushing's syndrome there are some rare cases in which hypercortisolism was not anticipated either because a small dose of glucocorticoids was administered or because of the route of administration. For example, iatrogenic hypercortisolism due to topical ophthalmic corticosteroid preparations has been reported in three cases, including two children and one adolescent (52) (53) (54) . As already discussed, increased sensitivity to glucocorticoids could be the underlying mechanism in these unusual cases. Megestrol acetate, a progestational pharmaceutical compound used in the treatment of advanced breast and endometrial cancer and for the cachexia and wasting associated with HIV infection has also been shown to cause Cushing's syndrome (55) . Glucocorticoid-like effects are seen in up to 30% of patients treated for periods longer than 6 weeks. Although in most cases large doses of the order of 1500 mg/day are usually required for the development of Cushing's syndrome, in few occasions similar clinical features were observed even in patients taking doses of megestrol in the order of 400 mg/day. Raedler et al. (56) studied the effects of megestrol acetate in 10 healthy individuals and noted suppression of ACTH and cortisol levels, suggesting a glucocorticoid-like activity of the compound. Other progestogens, such as medroxyprogesterone acetate, have also been reported to cause clinical hypercortisolism (57) .
Exogenous Cushing syndrome in HIV-infected patients receiving ritonavir and fluticasone, even in daily doses of less than 1000 µg, has been reported frequently (58) . Ritonavir, a potent inhibitor of CYP3A4 enzyme, can lead to high systemic concentrations of fluticasone, which is metabolised by CYP34A, when these 2 drugs are co-administered.
CONCLUSIONS
The differential diagnosis of Cushing's syndrome remains a major clinical challenge. Although in the majority of the patients hypercortisolism is due to ACTH secretion by a pituitary tumour or an extrapituitary neoplastic lesion or to cortisol secretion by an adrenal adenoma, in occasional patients a much rarer entity may be the cause of the syndrome. In order to identify these cases the clinician should be aware of the various unusual forms of Cushing's syndrome. In fact, such unusual presentations of Cushing's syndrome, as those discussed above, represent a demanding diagnostic challenge and illustrate why Cushing's syndrome represents one of the most puzzling endocrine syndromes.
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